I NTEREST in staphylococcal disease as a I community problem has increased during the past decade. One of the most important reasons for this is our inability to effectively combat the infections with the antibiotics presently at our disposal. Efforts are continually being made to find new antibiotics and chemotherapeutic drugs to trea-t the infections as they occur; however, the ultimate goal should be the prevention of staphylococcal infections. To accomplish this, it will be necessary to know more about the epidemiology of the disease and to clarify the environmental circumstances that permit the organisms to exist and spread to and among human beings.
Staphylococci are ubiquitous organisms which are found most frequently within tissues, on skin surfaces, or in foods contaminated by exposure to infected human beings or animals. Knowledge concerning the relationship of human and animal pathogenic staphylococci is not extensive; consequently, the public health importance of animal staphylococci is difficult to ascertain. This paper reviews and brings together current information on type and distribution of animal infections and presents evidence that may relate human staphylococcal infections or intoxications to animal origin.
The importance of staphylococcal infection in man needs no further elaboration, for it remains one of the more serious bacterial diseases confronting medical science. It has held its ground and seemingly increased in incidence during the period when many life-saving antibiotic drugs have come into use. Certainly the antibiotic-resistant strains have increased as trouble makers. The significance of this disease requires that we look at the whole animal environment, not only for the purpose of deducing the relationships regarding the transmissibility of the agent between lower animals and man but, also, for information that will help us understand the host-parasite relationships and the many ramifications of immunity, resistance, and therapy. Obvious questions that need clarification are whether there are true animal strains which have the ability to produce disease in man or whether animals, when infected by human beings, serve merely as a medium to support the organisms while they await the opportunity to return to another human host. Staphylococci are not uncommon in animals, but they are found more frequently in man. When they are found in diseased animals they are often associated with other microorganisms, and their specific role is not defined as clearly as it is in man.
Staphylococci in Animals
Staphylococci are associated with skin diseases in horses, but their classification into distinct entities in this species is difficult.' The organisms are found in acne and furunculosis which occur on areas of the skin frequently irritated or damaged by the friction of a saddle or harness. Moisture predisposes to these diseases which are more common in hot moist climates.
Botryomycosis is a granulomatous staphylococcal disease which occurs in horses. When named, it was thought to be caused by a fungus. It usually begins in lacerations and abrasions on the skin or, following castration of the animal, in the stump of the spermatic cord where small pockets of pus are found and there is a mass of newly formed tissues. Small granules resembling those of actinomycosis are found in the pus; and, when the granules are crushed, they yield masses of staphylococci which are imbedded in a capsular material.2 Sometimes the disease generalizes, and, when this occurs, it is usually fatal.
Often staphylococci are found in suppurative processes in cattle and frequently, but not always, are associated with other organisms. In poorly kept animals, acne occurs usually on the lower part of the tail.
Furuncles often are seen on the udder along the hair line at the base of the teats or between them. Zinn, Anderson, and Skaggss studied furunculosis in a dairy herd on a farm where the condition had persisted for two and one-half years. During this period, one entire herd of dairy cattle had been replaced by a second herd; furunculosis became persistent in the new herd three months after the animals had arrived on the farm. Coagulase-positive, phage-type 80/81 staphylococci were isolated repeatedly from the lesions and milk of these cows.
Mastitis associated with staphylococci is quite common in dairy herds. It is a stubborn form of the disease and is a problem in countries that have the most advanced technical dairying practices as well as in countries with the most primitive dairying practices. The most common site of staphylococcal infections in dogs is on the skin where infection follows some form of injury.7 Infection, with pustules, may follow advanced cases of demodetic mange. The ear canal and inside of the ear flap is a frequent location of staphylococci in the dog. Acne and furunculosis occurs around the muzzle, and chailitis is usually the result of the infection's being transferred from some other part of the body to the lips. Staphylococci have been isolated from cases of bronchiectasis and enteritis. Also, the anal sacs may become infected.
Other animals, such as birds and cats which are in less frequent contact with man than the livestock and pets mentioned above, may also have staphylococcal infections. However, for the purpose of this paper, a discussion of the disease in these species is not necessary.
Perhaps of more epidemiological importance than active animal staphylococcal disease are the asymptomatic animal carriers; certainly these animals provide a reservoir which may not be an obvious source of pathogens. Several surveys have pointed up the types of staphylococci found in dogs, cattle, swine, horses, chickens, and cats.8-11 21 In It is generally accepted that coagulation of plasma by staphylococci is a property of pathogenic strains only. While some of the other tests are of considerable value, the only criterion of pathogenicity is the production of coagulase by staphylococci isolated from man or animals. The appearance of beta hemolysis on sheep blood agar, liquefaction of coagulated serum, production of fibrinolysin, hematoxin, dermotoxin, and lethaltoxin are properties exhibited only by pathogenic strains, but they are not exhibited by all pathogenic strains. Consequently, the possession of any of these properties may be accepted as evidence of a pathogenic staphylococcus, although its absence is without significance. 12 One author' has stated that the strains of staphylococci obtained from animals differ in three known respects from those obtained from man: (a) Most animal pathogenic strains produce beta hemolysin, while alpha hemolysin is a characteristic of human strains; (b) animal strains are predominantly of the 42D phage-type, which is uncommon in man; and (c) most pathogenic animal strains produce no opacity in egg-yolk broth, whereas, most human strains are eggyolk-positive, producing opacity in this medium.
These criteria must be considered very carefully when they are used in an attempt to separate staphylococcal isolates. In a study of 110 pathogenic staphylococci taken from active lesions of dogs, cattle, sheep, poultry, goats, and horses, Smith12 found seven strains which were nonhemolytic. He expressed the opinion that neither the presence of hemolysis on blood agar, other than the darkened beta type, nor the absence of hemolysis on this medium is of value in the classification of animal staphylococci and that the expression "hemolytic staphylococcus" might as well be dropped as it is of no significance. In his study, 68 per cent of the pathogenic strains showed alpha-beta type hemolysis, while only 23.6 per cent produced beta type. Two strains from goats produced only alpha hemolysis.
Edwards and Rippon13 examined the characteristics of 395 strains of staphylococci isolated from milk or abnormal secretion from three herds in isolation units and from 19 other herds. They tested 64 strains for hemolysin production and found that 54 strains produced alpha, beta, and gamma hemolysins, and 10 strains produced only the alpha type. They also found a variation in the widths of the hemolytic zones, and this width variation was not typical of the hemolysin type.
In a recent study by Galton, et for their ability to produce opacity in egg-yolk broth. In 118 strains from animals, they found 15.3 per cent to be EYpositive; in 560 strains from human beings, they found 15.9 per cent to be EY-negative. There was a significant difference in the reaction between the human isolates from abscesses and those from nasal swabs. In the latter group, 23 per cent were EY-negative.
The Effect of Antibiotics on Staphylococci
The nature of staphylococcal resistance to antibiotics is a major clinical problem in staphylococcal infections. Likewise, the resistance of staphylococci to the antibiotics increases the importance of these organisms as a public health problem. Antibiotic resistant strains of staphylococci are widely distributed in animals and their prevalence probably is associated with the use of antibiotics either as a feed supplement or in the treatment of clinical illnesses.
Comparative studies of the staphylococcal flora were made by Smith and Crabb'0 on swine and chickens. They examined for sensitivity 498 strains from 160 pigs in 16 tetracycline-fed herds and 380 strains from the same number of pigs and herds which had not been fed antibiotics; 92.6 per cent of the 498 strains isolated from the nose and skin of the tetracycline-fed pigs were resistant to this drug compared to 4.5 per cent of 380 strains in the control group. No penicillin-resistant strains were found in either group.
One hundred and nine strains were isolated from four herds which were being fed rations containing penicillin. Penicillin-resistant Staphylococcus aureus was present in all four herds. The organisms were found in 37 per cent of the 38 pigs examined. Sensistive strains were found in only 50 per cent of the pigs, and no staphylococci were found in 13 per cent. Of the 109 strains examined, 30.3 per cent were penicillin-resistant.
Studies were also made on 10 flocks of chickens being fed a ration containing tetracycline and penicillin and 10 flocks receiving no antibiotics in the feed. Sensitivity tests on 492 strains from antibiotic-fed chickens showed 69.9 per cent to be resistant in contrast to only 6.8 per cent from the controls.
Rajulu8 tested the antibiotic sensitivity of 19 typable strains of staphylococci isolated from 32 dogs. Fourteen of these strains were resistant to several of the more commonly used drugs. Although there was variable sensitivity to bacitracin, furadantin, cbloromycetin, and kanamycin, none showed real resistance to these drugs. Mann18 made one isolation of coagulase-positive staphylococci from each of 32 dogs and found the following antibiotic sensitivity pattern: 17 strains were susceptible to streptomycin, 19 to tetracycline, 21 to oxytetracycline, 25 to penicillin, 29 to bacitracin, 30 to oleandomycin-tetracycline, and 31 to a combination of penicillin and streptomycin.
In the six-month study of the staphylococcal flora in the milk of a large dairy herd by Galton, et 
Interchange of Staphylococci Between Animals and Human Beings
Rather extensive research has yielded a seemingly small number of accounts of proved transmission of pathogenic staphylococci from animals to human beings or from human beings to animals. Perhaps proof of such transfers is so difficult that many have occurred without the source being identified. However, information at hand strongly supports the assumption that pathogenic staphylococci are passed between animals and human beings.
While studying the phage patterns of staphylococci of animal origin, Smith'9 used one strain of staphylococci which had been incriminated in a food-poisoning outbreak following consumption of ice cream, one strain which had been isolated from a case of human mastitis, and one strain from a case of bovine mastitis. These strains were shown by cross-absorption tests to be antigenically identical. All were susceptible to phage 42D. Each of these strains was injected into separate quarters of the udder of a cow one month after her first calving. Prior to injection, her milk was examined for staphylococci with negative results for two weeks. Apart from pyrexia, slight swelling of the udder, and clots in the milk from the three infected quarters, no other signs of infection were noted. These subsided completely in 48 hours, but staphylococci were regularly recovered from each infected quarter for six weeks after which the experiment was terminated. Smith concluded that his findings supported the view that some strains of staphylococci may be capable of infecting man as well as cows and that milk may be the source of human staphylococcal infection.
Wallace and others20 in Hawaii found phage-type 80/81 antibiotic-resistant staphylococci in a dairy herd which had previously undergone intramammary infusions with a wide variety of antibiotics. Staphylococci of the same phagetype and antibiotic resistance pattern were isolated from one of the dairy workers who first noticed lesions three months after he began work with this herd. The investigators recognized the possibility that the human infection was acquired from the cows.
Conditions in the Kentucky dairy herds, reported by Zinn, et al.,3 indicated transmission of phage-type 80/81 staphylococci from a human being to cattle. At the time the first herd developed furunculosis, one of the attendants was undergoing treatment for sinusitis and otitis externa in a local clinic where hospital-acquired staphylococcal infection was known to be a problem in the community. No phage-typing was done to identify the problem specifically. Three months after disposal of this herd, a new barn was built, and a new group of cattle brought in. All were free of furunculosis or other signs of infections. After three months contact with personnel on the farm, some cows began to develop furuncles on their udders.
In studying antibiotic-resistant staphylococci in swine and chickens, Smith'0 found, by application of phage-typing and other tests, that the antibiotic-resistant staphylococci isolated from animal attendants were usually identical with those isolated from their animals. It was apparent to the investigators that veterinarians should anticipate that antibiotic resistance will be more likely to complicate therapy of bacterial diseases of animals on farms where diets supplemented by antibiotics are used than on others. Physicians, also, should be aware of the implications when treating persons who care for antibiotic-fed animals.
The possible and probable transmission of S. aureus from man to turkey poults was investigated by Williams and Daines.6 Although they were not entirely satisfied with the validity of the results, they found that sore throats and im-NOVEMBER, 1962 petigo were endemic among workmen in a hatchery, that there was an unusually high death rate from omphalitis among poults within 72 hours after hatching, and that a turkey herder in a remote rarely visited area developed staphylococcal impetigo shortly after receiving a shipment of poults from the hatchery. When changes were made to minimize contact of men with incubating eggs and to keep those with lesions out of the incubators, death rates of the newly hatched poults dropped appreciably; and no losses due to omphalitis were seen.
Senior veterinary students and faculty members in close clinical contact with animals have been shown to have a much higher carrier rate and incidence of staphylococcal infection than other veterinary students. Pagano and others2' isolated antibiotic-resistant staphylococci of phage-type 80/81 from the external nares of asymptomatic domestic animals and from human contacts during an epidemic of staphylococcal disease in veterinary students. Some of the infections could be attributed to person-to-person contact, and spread could also be explained by transmission of staphylococci from animals.
Staphylococcal Enterotoxin Food Poisoning
No doubt staphylococci are a very important cause of food-borne disease. Indeed, 40 Although other characteristics such as the type of hematoxin production and precipitation of egg-yolk medium usually differ between human and animal pathogenic strains, similarities do occur; and we must consider that evidence on hostadaption is not conclusive. At present, coagulase production is the only single laboratory criteria upon which staphylococcal pathogenicity in man and animals may be based.
It is not surprising to find that many antibiotic-resistant strains of staphylococci occur in both human and animal infections and in carriers. The widespread use of antibiotics in therapy is perhaps exceeded only by the now common practice of adding small amounts of these drugs to animal feed. This usage enhances the development of resistant strains where no disease is occurring and thus provides an unsuspected source of human and animal infections with types most difficult to handle clinically.
Our knowledge concerning the interrelationships of staphylococci found in man and animals is somewhat limited and differences in available data make it difficult to evaluate. For this reason, only continued concerted effort by interested investigators will provide the answers to the many puzzling questions involved. When reported, the answers to these questions may lead to firm conclusions about the amount of interchange of staphylococcal infections and enterotoxin between animals and man. Only then can we determine the hazard to human beings of staphylococci in their animals or the reverse. Meanwhile, our current knowledge of the characteristics of staphylococci is of some value in epidemiological investigations when used with all other available information about the source of infections.
